Supplemental Materials

Materials and Methods
Bacterial strains, plasmids and growth
Strains and plasmids are listed in Table S1 . M. xanthus strains were grown at 32°C in CYE rich media as previously described (1). Plasmids were introduced in M. xanthus by electroporation. Mutants and transformants were obtained by homologous recombination based on a previously reported method (1). The mode of construction of strains and plasmids, as well as the sequences of all primers, are available upon request. For the fluorescence experiments, the yfp gene used was from the commercial vector pEYFP-N1 (Clontech).
Phenotypic analysis
A-motility and S-motility colony assays were performed on 1.5% and 0.5% agar-plates respectively. Typically, 10 µl of cells at 4 x 10 9 cfu ml -1 were spotted directly on the plates and incubated at 32°C for 48 hours. Swarming colonies were photographed with an MTI charge-coupled device (CCD)-72 camera, using a Zeiss (Model 476009-9901) microscope. Images were processed in a Macintosh computer using the NIH IMAGE and PHOTOSHOP software packages.
Analysis of filamentous cells
20-30 µm long A + S
-(pilA) cells were obtained by shaking CYE cultures for 8 hours in the presence of Cephalexin (100 µg/ml) as previously described (2) . The cells were then harvested and spotted on slides for video-microscopy.
Protein immuno-blot analysis
Protein immuno-blots were performed as previously described (3) . Fluorescent proteins were detected with a α-GFP rabbit polyclonal antibody (Abcam) that reacts against GFP and its variant YFP.
Time-course and time-lapse fluorescence microscopy
For motion analysis by time-lapse microscopy, 3 µl of cells from a 2 x 10 8 cfu ml -1 32°C culture were spotted on a thin fresh 0.5CTT (4) agar pad atop of a slide. When cell membranes were stained, FM4-64 (Molecular probes) was added to CTT at a 20 µg/ml concentration. A cover slip was added immediately on top of the pad and the obtained slide was analyzed by microscopy using the Delta-Vision microscope. Typical time-lapse were shot for 10 min with frames captured every 30 seconds. YFP and FM4-64 images were captured with appropriate filter sets. The time of illumination was 0.5 s for YFP and 0.1 s for FM4-64 without any significant phototoxicity.
Image processing and cell tracking:
For fluorescence intensity analysis, all images were captured with identical microscope settings and processed identically with Adobe Photoshop (8.0). A two-dimensional graph of the fluorescent intensities was obtained by measuring absolute pixel intensities with the Plot Profile and the histogram functions of the Image J software (1.30v NIH). For the graph shown in Fig. 2C , pixel intensities were measured over selected areas drawn to encompass the clusters and summed to obtain a total pixel intensity value for each selected area. For the graph shown in Fig 3C, values were obtained by measuring the maximum pixel intensity at a given cell pole. Cell tracking and the measurements of cell and fluorescent clusters velocities were done using the track object function of the METAMORPH software (Molecular devices) and processed with Excel as previously described. The number of clusters per cell shown in Fig. S4 and 4B was determined for each cell by averaging the observed number of clusters at 10 different times. For each frame, the number of clusters was determined by measuring fluorescent intensities with line scan (METAMORPH) drawn over the length and the width of the cell and counting the number of individual peaks detectable after subtracting the background fluorescence intensity. The mean lifetime of the clusters per cell shown in Fig. S4 was determined for each cell by averaging the lifetimes of 10 different clusters per cell. For each cluster, T0 was determined upon appearance at the leading cell pole. A circle was then drawn around the cluster (METAMORPH) at fixed coordinates so that the lifetime of the cluster was determined by the amount of time during which significant fluorescent intensity was measured in the circle. Quantitative line scan analysis of fluorescence movies was conducted with custom software written in Igor Pro (Wavemetrics). For each movie, individual frames taken at 30 second intervals were averaged together and the resulting image was used to define the two-dimensional path over which the cell moved during the course of the movie. Fluorescence intensity line scans over the entire path were then computed for each frame. Thresholded line scan averages were taken by first thresholding each line scan at 50% of the maximum intensity value and then averaging the line scans together. This average and its autocorrelation function were calculated (5) for movies from six different gliding cells. The six autocorrelation functions were then averaged together from which a single power spectral density was computed (5). Power spectral density calculates the relative amount of signal at different spatial frequencies (5). For each filamentous cell, the drag force was calculated using the formula: ! F = "v where F is drag force, v the velocity of the cell and β, the drag coefficient of the cell. To calculate β, the moving cell was modeled as an ellipsoid moving parallel to its body. β is then determined by
where ! a is the length of the cell, . It is likely that the real viscosity is much higher than this value, but such an approximation can be made as the relative error will be the same for all cells. Thus, the calculated drag force is referred to as relative drag force. 
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AglZ-YFP localization is dependent on the activity of the A-engine
Three pattern of AglZ-YFP localization were observed: (i) in fully motile cells (60% of the cells; N=42; average velocity = 1.9 µm/min ± 0.5), AglZ-YFP was localized in ordered clusters spanning the cell length; (ii) when the A-engine was stalled or weakly active (25% of the cells; N=10; average velocity = 0.3 µm/min ± 0.1), AglZ-YFP was localized in clusters at the leading cell pole; (iii) when cells were completely non-motile or dividing (15% of the cells; N=6; average velocity < 0.03 µm/min), AglZ-YFP was diffuse or not synthesized. These localization patterns were dynamic. In cells that paused, AglZ-YFP condensed at the leading pole so that it was not usually found along the cell body at the time of the pause (Fig. S3) .
Analysis of AglZ-YFP clusters in fully motile cells
The number of clusters per cell was dependent on cell length, and was linear for averagesized cells (4-7 µm; Fig. S4A ). For longer cells, the number of clusters/cell increased, although the relationship was no longer linear; very long cells showed infrequent clusters at the lagging cell end (see example in Fig. 4A ). In average sized cells, we found no correlation between the number of clusters and the velocity of a given cell (Fig. S4B ).
We also plotted the lifetime of the clusters as a function of the time to move one cell length (t length ) to test whether the AglZ clusters were assembled at the leading cell pole and disassembled at the rear (Fig. S4C) . The lifetime of the clusters was proportional to t length , up to 6 min (proportionality constant ≈ 0.5) suggesting that most clusters were disassembled when they reached the rear half of the cell. In cells with t length higher than 6 min, the lifetime of the clusters was only extended slightly, suggesting that the clusters had an intrinsic lifetime independent of their location. Thus, we suggest that AglZ-YFP clusters are assembled at specific sub-cellular locations where they remain fixed relative to the substratum until they are dispersed either by reaching the end of the cell or as they become unstable. Figure S5. Proposed mechanics of the A-motility system. We propose that complexes containing AglZ and other A-motility associated proteins participate in generating Amotility (green). Following assembly at the front of the cell after a reversal event, intracellular multi-protein complexes contain a motor functionally equivalent to myosin, connected via a second domain to a membrane spanning adhesion multi-protein complex. This motor moves (green arrow) along helical cytoskeletal fibers (black line), possibly MreB, that are anchored at each cell pole. This results in movement of the cell body forward and rotation of the cell whereas the motor complex remains in a fixed position relative to the substratum. Ultimately, the motor complex is disassembled when it reaches the rear of the cell. In such a scheme, slime secretion (in light blue) provides a lubricant or specific adhesion sites to facilitate motion or participates in power generation, or both.
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